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THIN FILM FORMING 
METHOD, THIN FILM FORMING DEVICE, AND THIN FILM FORMING PROCESS 
MONITORING METHOD 



TECHNICAL FIELD 
The present invention relates to a thin film forming method and to a thin film 
forming device for forming a thin film, which is made of an oxide, on a substrate such as a 
plastic container. Also, the present invention relates to a thin film forming process 
monitoring method and to a thin film forming device for forming a silicon oxide thin film 
on a surface of a substrate by plasmatizing a mixture gas including an organosilicon 
compound gas and an oxidizing gas. 

BACKGROUND ART 
Plastic containers are used for packaging and containing purposes in various 
fields such as beverages, foods, toiletry goods, and medicines because they not only have 
a superior hardness, light weight, and superior moldability, but are also cost efficient, 
difficult to break, and easy to re-seal. 

Although plastic containers have these advantages, plastic containers also have 
disadvantages in that a low molecular gas such as oxygen and carbon dioxide can be 
transmitted therethrough. Such a disadvantage is called low gas impermeability because 
gas impermeability is low. Occasionally, some of the contents in the container are 
affected undesirably by such gases. Here, various attempts for improving the gas 
impermeability of plastics have been made when producing containers industrially. 



Among such attempts, one method is realized, in which a material having a high gas 
impermeability and made of an inexpensive common material is formed in a multi-layer 
structure. 

However, it is difficult to recycle a material having a multi-layered structure 
which consists of at least two kinds of material. Thus, there was a problem from an 
ecological point of view because a material having a multi-layer structure must be 
discarded after usage. Therefore, other attempts have been made for reducing a material 
having a high gas impermeability as much as possible until the material having a high gas 
impermeability has no effect on recycling. However, quite often, it was not possible to 
realize a desirable gas impermeability in a material having a multi-layer structure. 

Currently, in order to realize a recycling ability and gas impermeability to 
oxygen, carbon monoxide, and steam, a method has been proposed in which a thin film 
having gas impermeability is formed on the inner surface of a container made by 
commonly-used plastics. One thin film forming method is a plasma-assisted CVD 
method, in which a thin film is formed on the inner surface of a container by plasmatizing 
a process gas and reacting the process gas chemically. Specifically, the plasma-assisted 
CVD method, in which a container is disposed between a hollow high frequency electrode 
having a shape which is approximately the same as the outer shape of the container, and an 
inner electrode having a shape which is approximately the same as the inner shape of the 
container, is known in the art (see, for example, patent document 1). As another form 
of the plasma-assisted CVD method, both the high frequency electrode and the inner 
electrode are disposed away from a surface of the container by approximately the same 
distance (see a patent document 2). 

Patent Document 1 : Japanese Unexamined Patent Application, First Publication No. 
H8-53117 



Patent Document 2: Japanese Unexamined Patent Application, First Publication No. 
H8-175528 

However, even if a thin film is formed by these methods, it is still difficult to 
control strictly flow ratio of a reactive gas and a monomer gas in the plasmatized process 
gas. As a result, there has been a problem in that it was not possible to stably form a thin 
film having a sufficient gas impermeability, and in that, the gas impermeability varied 
even among the produced containers. Furthermore, there has been another problem in 
that the gas impermeability of the thin film decreases because the produced thin film does 
not have sufficient flexibility, and finally, cracking occurs on the thin film when using the 
container. 

Also, a thin film has been formed on the inner surface of not only plastic 
container, but also, for example, glass container in order to prevent lead, cadmium, etc., 
from melting in the contents of the containers. For that case, it is necessary to form the 
thin film stably without variation. 

Also, a thin film having gas impermeability has been formed on the inner surface 
of plastic containers in order to add gas impermeability. For that purpose, a 
plasma-assisted CVD method (hereinafter, a plasma CVD method), in which a thin film is 
formed on the inner surface of the plastic container by plasmatizing a process gas and 
reacting the plasmatized process gas chemically, is known in the art. 

It was not possible to know whether or not the thin film has a desirable surface 

quality during forming the thin film by the plasma CVD method. Therefore, 

conventionally, a thin film has been produced while monitoring parameters (for example, 
. degree of vacuum, applied power, and introduced gas flow amount), and after that, 

whether or not the produced thin film had a desirable surface quality has been evaluated. 

However, the monitoring of the parameters, such as the degree of vacuum, applied power, 



and introduced gas flow amount, has not yet achieved the desirable surface quality of the 
produced thin film. Therefore, a more improved process monitoring method is needed. 

For that purpose, a method in which a plasma emission is monitored has been 
proposed. This method is called a plasma diagnosis, in which it is possible to obtain 
information concerning the actual inner structure of a plasma by monitoring emission of 
the plasma. By employing this method, it is possible to forecast the surface quality of the 
thin film accurately. 

For example, a method is proposed in which whether or not a process is 
conducted properly is determined by monitoring a ratio between the intensity of hydrogen 
alpha rays and the intensity of hydrogen beta rays, which are radiated from a plasma, or by 
monitoring a ratio between the hydrogen alpha rays or beta rays, and the intensity of 
helium radiation, in Japanese Unexamined Patent Application, First Publication No. 
HI -87777 (patent document 3). 

However, the method which is disclosed in Japanese Unexamined Patent 
Application, First Publication No. HI -87777, has the following problems. 

Firstly, although the hydrogen alpha rays have a relatively large intensity, the 
hydrogen beta rays have a small intensity, and the hydrogen beta ray vary greatly. 
Therefore, when the ratio between the intensity of the hydrogen beta rays and the intensity 
of the radiation of other atomic specimen (molecular specimen) is calculated, the 
calculated ratio varies greatly; thus, it is difficult to know the inner structure of the plasma 
accurately. 

Also, even if the ratio of the intensities is calculated between relatively intense 
rays such as the hydrogen alpha rays and the helium radiation, both the intensity of the 
hydrogen alpha rays and the intensity of the helium radiation fluctuate similarly if the thin 
film forming pressure fluctuates. Therefore, even if the thin film forming pressure 
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fluctuates and the surface quality of the produced thin film fluctuates accordingly, the ratio 
between the intensity of the hydrogen alpha rays and the intensity of the helium radiation 
does not vary greatly. Therefore, there is a problem in that it is not possible to monitor 
the plasma accurately. 

5 Also, the spectrum of the plasma is measured in a wide range from a visible 

wavelength to a near-visible wavelength (see FIG. 3 in patent document 3). There is a 
problem because a specific complicated spectrometer is necessary for such a 
measurement, and such a spectrometer is expensive. 

Patent Document 3: Japanese Unexamined Patent Application, First Publication No. 
10 Hl-87777. 

DISCLOSURE OF INVENTION 
The present invention was conceived in view of the above circumstances, and an 
object thereof is to provide a thin film forming method and a thin film forming device, 
15 which can achieve a stable gas impermeability and a desirable flexibility in a thin film 

without variation in surface quality even if the thin film is formed onto a large number of 
substrates. 

Another object thereof is to provide a thin film forming process monitoring 
method, and a thin film forming device, by which it is possible to know the structure of a 
20 generated plasma more accurately, and to know whether or not the produced thin film has 
a desirable surface quality during the process in which a mixture gas consisting of an 
organosilicon compound gas and an oxidizing gas is plasmatized, and a silicon oxide thin 
film is formed on a surface of the substrate. 

In the present invention, a thin film forming method for plasmatizing a mixture 
25 gas which consists of a monomer gas and an oxidizing reactive gas, and forming a thin 
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fi,m which is made of an oxide, on a surface of a substrate, includes: a first step of 
forming a first thin film by plasmatic the mixture gas while varying the flow amount 
ratio of the monomer gas with respect to the reactive gas under the condition that the flow 
amount ratio is in at least a specific range. 
5 ,„ the first thin film forming step, it is preferable to decrease the supply flow 

amount ratio continuously. 

In the first thin film forming step, it is preferable that an initial value of the 
supply flow amount ratio in the first thin film forming step be in a range of 0.02 to 0.2. 

It is preferable mat the thin film forming method further includes a second thin 
JO film forming step in which the supply flow amount ratio increases after the firs, thin film 
forming step. 

Also, in the thin film forming method, it is preferable that the plasmatization be 
conducted while generated reflected power is controlled so as ,0 be equal to 10% or less 
than a supplied high frequency power by passing the high frequency power which is 1 00 
15 MHz or lower through a impedance matching network before being supplied to a high 

frequency electrode. 

in the present invention, the thin film forming device for plasmatics a mixture 
gas which consists of a monomer gas and an oxidizing reactive gas, and for forming a thin 
film which is made of an oxide, on an inner surface of a cylindrical container having a 
20 closed end, includes: a plurality of thin film forming chambers, each of the thin film 

forming chambers being provided with a cylindrical high frequency electrode, one end of 
the high frequency electrode being closed such that the cylindrical container can be 
disposed on the inner surface of the high frequency electrode, and a ground electrode 
disposed in the cylindrical container, the ground electrode having a gas generating port on 
25 a tip section of the ground electrode such that the gas generating port generates the 
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mixture gas; a high frequency power supply section having an impedance matching 
network and a high frequency power supply such that high frequency power can be 
supplied to the high frequency electrode through the impedance matching network; and a 
flow amount control section for controlling the flow amount ratio of the monomer gas and 
5 the reactive gas contained in the mixture gas. In this ease, the high frequency power is 
supplied to a plurality of the thin film forming chambers from a high frequency power 
supply section. 

It is acceptable if a detachable spacer which is formed by an insulative member is 
disposed between the cylindrical container and the high frequency electrode. 
l0 It is preferable that the gas generating port have at leas, a hole of which the 

diameter is 0.5 mm or smaller and/or a slit of which the width is 0.5 mm or narrower. 

Also, it is preferable that an average surface roughness of the outer surface of the 
ground Cectrode be 5 to 50 pm, or tha, a detachable cover pipe be provided on a. leas, a 
part of me ou.er periphery of .he ground e.ectrode and that an average surface roughness 
15 of the outer surface of the cover pipe be 5 to 50 pm. 

Also, it is preferable that a metal member or a ceramic member be sprayed onto 
the outer surface which has the average surface roughness. 

Also, in the present invention, a thin film forming process monitoring method for 
pl asma,izing a mixture gas consisting of an organosilicon compound gas and an oxidizing 
20 gas and for forming a silicon oxide thin film on a surface of a substrate indudes the steps 
of: measuring the intensity of hydrogen a, P ha rays which are radiated from the p.asma and 
the in.ensi.y of an oxygen radiation rays; comparing the intensity of the hydrogen alpha 
tays and the intensity of the oxygen radiation rays wi.h the intensity of the hydrogen alpha 
rays and the intensity of the oxygen radiation rays which have been measured under Ore 
25 condition tha. the silicon oxide thin film has a desirable surface quality; and determining 



whether or not the silicon oxide thin film which has a desirable surface quality is formed. 
Here, it is preferable that the intensity of the hydrogen alpha rays and the 

intensity of the oxygen radiation rays be measured by separating radiation rays which have 

a specific range of wavelengths among radiation rays which are radiated from the plasma 

and measuring the intensity thereof. 

Also, it is preferable that the intensity of the hydrogen alpha rays and the 
intensity of the oxygen radiation rays be measured by measuring the intensity of radiation 
rays which have a wavelength in the range of 656 ± 5 nm and the intensity of radiation rays 
which have a wavelength range of 111± 5 nm among the radiation rays which are radiated 
from the plasma. 

Also, in the present invention, the thin film forming device includes: a chamber 
for plasmatizing a mixture gas, the mixture gas which consists of an organosilicon 
compound gas and an oxidizing gas, and for forming a silicon oxide thin film on a surface 
of a substrate; a measuring section for measuring the intensity of hydrogen alpha rays and 
the intensity of oxygen radiation rays, both of the rays being radiated from the plasma in 
the chamber; a storage section for storing the intensity of the hydrogen alpha rays and the 
intensity of the oxygen radiation rays such that the organosilicon thin film has a 
predetermined desirable surface quality; and a determining section for determining 
whether or not the intensity of the measured hydrogen alpha rays and the intensity of the 
measured oxygen radiation rays are within specific ranges, by comparing the intensity of 
the measured hydrogen alpha rays with the intensity of the hydrogen alpha rays in the 
storage section, and by comparing the intensity of the oxygen radiation rays measured by 
the measuring section with the intensity of the oxygen radiation rays which is stored in the 
storage section. 

Here, it is preferable that the measuring section be provided with a bandpass filter 



which separate only radiation rays which have a specific wavelength range from among 
the radiation rays which are radiated from the plasma in the chamber. 

Also, it is preferable that the measuring section include a first bandpass filter of 
which the transmittance of the radiation rays which have a wavelength range outside 656 
±5 nm is 1% or lower, a second bandpass filter of which transmittance of the radiation 
rays which have a wavelength range outside 777 ±5 nm is 1% or lower, a first quantity 
sensor which receives the radiation rays which pass through the first bandpass filter, and a 
second quantity sensor which receives the radiation rays which pass through the second 
bandpass filter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a general view of an example of a first embodiment of a thin film 
forming device. 

FIG. 2 is a vertical cross section of a thin film forming chamber which is provided 
15 in the thin film forming device shown in FIG. 1 . 

FIG. 3 is a plan view in which a gas generating port is formed in a ground 
electrode on the thin film forming device shown in FIG 1 . 

FIG 4 is a graph which shows an example of the change of a supply flow amount 
ratio with respect to time. 
20 FIG. 5 is a graph which shows another example of the change of a supply flow 

amount ratio with respect to time. 

FIG. 6 is a plan view in which another example of the gas generating port is 
formed in the ground electrode on the thin film forming device. 

FIG. 7 is a vertical cross section in which an example of the ground electrode 
25 which is provided with the thin film forming device is shown. 
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FIG. 8 is a plan view in which another example of the thin film forming chamber 
is shown. 

FIG. 9 is a general view of an example of the thin film forming device according 
to the present invention. 

FIG. 10 is a cross section in which an example of the thin film forming chamber 
according to the present invention is shown. 

FIG. 1 1 is a general view in which an example of a monitoring computer 
according to the present invention is shown. 

BEST MODE FOR CARRYING OUT THE INVENTION 
First Embodiment 

Details of a first embodiment of the thin film forming method according to the 
present invention are explained with respect to the examples below, in which a thin film 
made of silicon oxide is formed on the inner surface of a plastic cylindrical container, 
which has a circular cross section with a closed end. 

FIG 1 shows an example of a thin film forming device 10 which is preferably 
used in the present embodiment of the thin film forming method. The thin film forming 
device 10 is provided with four sets of thin film forming chambers 20 which enables 
forming of thin films in the four sets of cylindrical containers 21 simultaneously by 
disposing the cylindrical containers 21 in predetermined positions in the thin film forming 
chambers 20. 

As shown in FIG. 2, each of the thin film forming chambers 20 is provided with a 
cylindrical high frequency electrode 22 having a circular cross section and a closed end, 
and a tubular ground electrode 23 of which the tip section is introduced inside of the 
cylindrical container 21 when the cylindrical container 21 is disposed in the predetermined 



11 

position inside the high frequency electrode 22. 

In this example, the high frequency electrode 22 consists of a cylinder section 22a 
which is formed from a conductive material, and a lid section 22b, which is formed from a 
conductive material and which seals an end of the cylinder section 22a. The lid section 
5 22b is detachable from the cylinder section 22a. 

Also, the ground electrode 23 is formed from a conductive material. A gas 
generating port 23a is formed on the tip section of the ground electrode 23 in order to 
generate a process gas, such as a mixture gas including a monomer gas and an oxidizing 
reactor, for forming silicon oxide toward the inside of the cylindrical container 21. The 
10 mixture gas is generated from the gas generating port 23a by introducing the monomer gas 
and the reactive gas from the base end section. As explained above, in this example, the 
ground electrode 23 serves as a gas introducing pipe for the process gas. Also, in this 
example, as shown in FIG. 3, the gas generating port 23a consists of five approximately 
rectangular slits 23b having a 0.5 mm width. 
15 A port section supporting port 24a for supporting a port section of the cylindrical 

container 21, and an insulating plate 24 formed from a ceramic material for insulating the 
high frequency electrode 22, are formed on the other end of the high frequency electrode 
22. Also, a cylindrical bottom section 25, which has a gas exhausting port 25a for 
exhausting air into the thin film forming chamber 20, is provided through this insulating 
20 plate 24. By connecting a suction pump, which is not shown in the drawing, to the gas 
exhausting port 25a, etc., it is possible to depressurize the inside of the thin film forming 
chamber 20 and evacuate air therewithin. Here, a connection hole (not shown in the 
drawing) which can connect a space between the cylindrical container 21 and the high 
frequency electrode 22 and a space inside of the cylindrical container 21 is formed in the 
25 insulating plate 24. When the suction pump starts, it is possible to depressurize not only 
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the space inside the cylindrical container 21 but also the space between the cylindrical 
container 21 and the high frequency electrode 22. Here, the tip of the above explained 
ground electrode 23 is introduced to the inside of the cylindrical container 21 through the 
bottom section 25. 

In FIG. 1, reference numeral 42 indicates four sets of flow amount control 
sections, each of which consists of a mass-flow controller 40 for controlling the flow 
amount of the reactive gas and a mass-flow controller 41 for controlling the flow amount 
of the monomer gas. The mass-flow controllers 40 and 41 are provided in each of the 
thin film forming chambers 20. The flow amount of the reactive gas and the flow 
amount of the monomer gas are controlled by the flow amount control sections 42. After 
that, the reactive gas and the monomer gas are introduced into each of the thin film 
forming chambers 20 from the base end section of the ground electrode 23. By doing 
this, the reactive gas and the monomer gas are generated from the gas generating port 23a. 

In addition, as shown in FIG. 1, the thin film forming device 10 is provided with a 
high frequency power supply section 30 which can supply high frequency power to the 
four sets of the thin film forming chambers 20 simultaneously. 

The high frequency power supply section 30 is provided with a high frequency 
power supply 31 for supplying high frequency power, and an impedance matching 
network 32 for rectifying the high frequency power supplied from the high frequency 
power supply 31. The high frequency power supplied from the high frequency power 
supply 3 1 is adjusted while controlling a matching value, and supplied to the high 
frequency electrode 22. By doing this, it is possible to avoid a reflected power; thus, the 
supplied high frequency power is sent to the high frequency electrode 22 efficiently. As 
a result, it is possible to form a thin film which has a desirable gas impermeability. 

Next, an example of a method by which the thin films are formed on the four sets 
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of the cyfindrical containers 2, by the thin film forming device 10 in this example, is 
explained. 

Firstly, .he lid section 22b of the high frequency e.eetrode 22 is removed in each 
ofthethinmmformingchambersm The cylindrica. container 21, as a snbstrate, is put 
5 i„to,hehighfrequencye,ectrode22. The port section of the cylindrica, container 2. ts 

lid seeUon22b is fittedto the cyHndrical section 22a of the high frequency electrode 22 so 
as to form a seal. Thus, the end of the high frequency electrode 22 is sealed. The gas 
generating port 23a, which isformed on the tip of .be ground electrode 23, is disposed 
10 i„sideof.hecy,indriealeon.ainer21. After «ha, a sucuon pump, which is no. shown tn 

is depressurized un.il i. is eompletely evacuated, a mixtere gas, which consists of a 
ntonomer gas andareaetive gas, is introduced into the ddnfdm forming chambers20 
wh i,econ,rol.ing,he flow amount ofthe monomer gas and the flow amount of.be reacve 
1B g asbymeansoffteflowamoun,conno,sections42. By doing .his, Are mixture gas ts 
generated from the gas generating port 23a. Next, ft. high frequency power supply 
section 30 is started, high frequency power, which is no. greater .ban ,00 MHz, is 
transmittcdthroughtheimpedancematchingnertvorKSZ. The high frequency power ,s 
supplied to frte high frequencyetecteode 22 in eachoffte .bin film forming chambers 20 
20 W hi,evarying.bem,ehingva,ue,andcon.ro.,ing.hegenera,edreflec,edpower, 0 under 

10 %ofthesuppliedbighfre,ueneypower. 

b e,ween.be high frequency electrode 22 and the ground electrode 23 in eachoffte .bin 
flhn forming chambers 20; thus, a thin film, which is formed of silicon oxide is formed on 
the inner surface of the cylindrical conlainer 21. 
25 ,» addifron, in a firs, ftin film forming step, a flow rate decreases continuously 
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and g radua.lyfroma.ar g e flow rate while a flow rate (supply flow amount mtio) of the 
monomer gas, with respect , the reactive g as in the suppfiedmixhare gas is inc.uded 
withinatleastaspecificrange. By such a firs, min fflm forming step, i, is possibie to 
stah.yformathinf.im which has a particularly high gas impetmeabHity without variation. 
5 The supply flow amount ratio is controlled by the flow amount control section 42. 

,n this example, the specific range indicates a range of a supply flow amount 
ratio by which a thin film having a desirable gas impermeability can be formed. The 
specific xange varies according to the type of tire produced thin film, and the type of 
empioyed mixture gas. The specific range of the supp.y flow amount ratio of the 
10 monomergas,wi,hres P ec„omereac,ivegas,forformingaminfilmhavin g adesirab,e 
g asimpermeab.,ityisinarangeofO,oap P roximate,y0.05,ifa,binfi,mo f a„si,icon 
oxid e is formed under the condition that, if the mixture gas is formed from a monomer gas 
and a reactive gas, the monomer gas is an organosilicon compound such as 
hexamethyldisiloxane, and the reactive gas is oxygen. 

Therefore, for examp.e, as shown in the graph in FIG. 4, the initial value of the 
supplv flow amount ratio in the first, bin fi.m forming step is set at 0,, which ,s greater 
thantheahovespectficrange. After , hat, , he mixture gas is supplied. After that, the 
high frequency power is supplied from the high frequency power supply section 30. The 
m ix,ure gas is plasmatic between the high frequency electrode 22 and the ground 
20 electrode 23. Next, the supply flow amount ratio is decreased continuously by 

decreasing the flow amount of the monomer gas continuously by means of the flow 
amount control section 42 while the p.asmatization of the mixture gas is maintained. 
Consequently, the flow amount of the monomer gas is decreased for approximately 5 
seconds until the supply flow amount ratio is 0.01. By doingthis, the supply flow 
25 amount ratio decreases continuously from 0.1 to 0.0, in approximately 5 seconds. Thus, 



By an,e,hod in whiehthesnpp.yflow amount ratio is eontroUed variab.y and 
.«-~.*^«~ — — ^ - ~ ta,P 7 
thanth ecaseofs tr ic t , y con tt oUin gt hesnpp 1 yflo W a m onn, rat io, f onnin g a th infii m 

^ninsU.e^-a.nonn^ios^. — — fc 

. supplyfl owanW r aooa t a — ieve. eve. .i m e te «hin fita is fonned. 

comrolljngth e„o Wam onn t s t ned y . «— " 

for .espeei fi c r a„ g eandi t ,sposs M e t oseUnespeei fi c ra n g ede S i I a bly . MsMhehme 
for eon tr onin gth esnpp ly no W a m onn tra dowi th in t „especi fi e^eisva r ia W e 1 n 

.fonnadnnfdn,, which is fom ed fron, si.ieon oxide havin g a desire g as 

i^nneahimy. There is a ease in whieh a ,hin fdn, havin g a desirah.e g as 

^ H if the time is shorter than 2 seconds. If the time 
25 impermeability cannot be produced, if the time 
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exceeds 5 seconds, the gas impermeability is not improve. 

Abo. in mis example, as shown in FIG 4, the supply flow amount ratio decreases 
continuousiybytwostepsofdiffcrentspeedreductions. However, such a two-stepped 
speed reduction is no. an absolute retirement. For example, a three, or more-stepped 
B speed reduction is acceptable. Also, it is acceptable if the supply flow amount ratio 
aeercasesataconstantdecreasingspced. Also, as long as the supply flow amount ratro 
varies while being included inatleas, the specific range, the supply flow amount rafo 
^yincreaseinmefirstthinfilmfonningstep. Also, it is accept if me supply flow 
amount ratio varies while repeating thc increase and the decrease alternately.. However, 

amixture gas havingahigh monomer gasdensity is plasmatized in the initial periodofthc 
firstthinfilmformingstep. Therefore, a more organic thm film is formed on a surface of 
th esubs,rate. ,f the substrate is made of plastic, adhesion strength between the substrate 
and the thin film can be improved. 

0. 1 in the first thin film forming step, and after that, the supply flow amount rafo 
decreases. A preferable initial value for the supply flow amount ratio is 0 ; 02 to 0.2. 
Moreprcferab,y,i..s0.02,o0.1. If the supply flow amount ratio is smaller than 0.01, 

20 notposs.bletoformath.nfi.mhavingades.rablegasimpermcability. Ontheothcr 

h and, if.be supply flow amount ratio exceeds 0.2, it will , axe an undesirably long time for 
forming a thin film. 

gas is supplied by an approxima.ely constant flow amount, and on.y the supp.y flow 
2B am oun,of,hemo„omergasdecre a ses. According to .his method, i, is possible ,0 form a 



lhinBlm hav i „ g ades irabl = g as imP en„eab i ,i, y inasho rttim =. In addition, the supply 
flowan.oun.maybedecreasedbyvariousotherme.hods. For examp.e, i, is acceptab.c 
that the supplyflowamountofthe reactive gas increase while the supply flow amount of 
^monomergasisapproximate.yconstant. A.so, i, is acceptable that bo* the supply 
6 flowantountofthemonontergasandmesupplyflowamountoffltereactivegasvary 

while the supply flow antoun. of the mixture gas is approximately constant. An optimum 
value for the total supply flow amount of the mixture gas varies in accordance with the 
ca pac i ty(exhaustmgspeed)ofmesuc,io„pump;flteref„re ; itisprefe ra b,etoset,heto. d 

supply flow amount in accordance with the capacity of the suction pump. 
10 Also, as explained above, in this example, the mixture gas is plasmatized while 

the generated reflected power is controlled to be ,0% or lower of the supplied high 
frequency power 100 MHz or lower high frequency power through the impedance 
matching network 32 and supplying the high frequency power to the high frequency 
e,eetrode 22 while vary.ng the matching va,ue. Therefore, even if the impcdanee of the 
15 ^mavariesbeeauscthesupplyflowamountratiovariesmthefirstthinfilmformmg 

s ,ep i, is possible to maintain a substantially high frequency power for p.asmatizing the 
mix ,ure gas a, an approximately constant level, and avoid the reduced gas impermeability 

maintained a, 10% or lower, the gas impermeability of the produeed thin film ean be 
20 maintained at a higher level. 

Also like in this example, in the case of forming a thin film made of a silicon 
oxid e in a second thin film forming step, it is preferable tha, the supply flow amount ratio 
ofth e monomer gas with respect to the reactive gas increase after the above-explained 
nrstthmfilmformingstep. By means of the second thin film forming step, i, is poss.ble 



but a,soflexibi,ity. T.us.c^hard^occ.auringuseof.heoy.indrica.con.inera,. 

In ord er ,o increase the supply flow amount ratio of the monomer gas w,th 
respect to the reactive gas.ametbod inwhichoniy the suppiy flow amount of me 
. monomergasincreasesisavaUame. Mso, a method m wmch omy the supp.y flow 
^ountofthereactivegasdecreasesisavadahie. 

wh ich the totaisuppiyflowamoun, of the mixture gas is maintained approximateiy 
oonstantwithoutaiargevariauce.mesupp.yflowamountofmemonomergasincreases, 

10 this, a more flexible thin film can be produced. 

A ,so like in this exampie, in order to form a flexible sificon oxide thin fi.m 
hav i„ g ahighgasimpermeabifity,itisp r efe ra b,etbat,hesupp.yflowamountra,ioof,be 

preferable if i, is 1000 or greater. Furthermore, it is preferable if the flow amount of the 
15 reactivegasinmemixturegasiszero. A ,so, ,n such a case, „ is pteferab,e tha, the time 

oeeessary for the second tbin film forming step be in a range of 1 to 3 second, 

ThethinfdmfonmngmethodexplainedaboveinCudesafirstthinfilmforming 

■ s ,e P for plasmatizing the 'mixture gas while the supply flow amount ratio varies 

eontinuouslysuch that the supply flow amount ratio is included in atleas, the spectfic 

wit hame.hodinwhich,hesupplyflowamoun,ra,i„iscon,ro„ed strict,, such thatathm 

f llm „asadesirab,e gas .mpermeabifity, and the mixture gas is plasmatic while the 
su pp ly flowamoun,ra,,o,smain,ainedstr,c,,y ,n addition, it is possible to form a th.n 
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forming step, after this first thin film forming step. 

Also, even if a thin film is formed on a large number of the cylindrical containers 
21 i, is possible to form a thin film having a high gas impermeability stably while 
avoiding variations in surface quality among the containers, pari.cu.arly by using the thin 
fihnforming device lOwhich is shown in thedmwings and which can supplyhigh 
frequency power from a high frequency power supply section 30 to a plurality of thin film 
formingchambers20. In addition, me min film forming device ,0 can be a compact 

facility cost. 

Five slits 23b, each of which has a 0.5 mm width, are formed in the width 
direction of the gas generating port 23a. Here, as shown in the drawings, the gas 
generation po„23a is formed on the hp of the ground electrode 23 in the thin film formmg 
devicelO. However, mere are not limitations for the number of the slits, the width of the 
shts and the interva. between the slits. Furthermore, there is no limitation for the shape. 
15 Th a,,s,anova,shape,etc.,isaccep,able. However, the pressure difference between the 
in side and an outsideofthe ground e.ectrode 23 increases if the gas generating port 23a ,s 
formedby slits each of which has a 0.5 mm width or narrower, orifthe gas generatmg 
port 23c is formed by a, least a hole 23c having a 0.5 mm or smaller diameter as shownm 
PIG 6 . ,n these eases, the mixture gas is plasmatized in a limited manner. As a result, 
20 the thickness of the thin film is no. different between the vicinity section near the gas 

generating port 23a on an inner surface of the cylindrical container 21, and the res, ofthe 
section Thus, the thin film is formed uniformly. 

Also, it is preferaMe tha, an average surface roughness (Ra) of the outer surface 

25 generated in the gas generating port 23a formed in the ground eiectrode 23 and the 
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mixture gas is plasmatized, a thin film is formed no, only on me inner surfaee of .he 
cylindrical container 21, but also fire outer surface of the ground electrode 23. Here, if 
the average surface roughness (Ra) of the outer surface of the ground electrode 23 is 
roughened in a range of 5 to 50 urn contact between the thin film and the outer surface 
5 increases, even if the thin film is formed on this outer surface. Also, there is a repetition 
of expansion and contraction on the ground electrode 23 due to heat. As a result, there is 
an effect tha, stress is reduced even if stress is applied to the thin film. Therefore, it is 
possible ,„ restrict contamination in the cylindrical container 21 due to peeling off of the 
' silicon oxide thin film ftom the outer surface of the ground electrode 23 while using the 
10 thin film forming device .0. Here, if the average surface roughness is 5 pm or lower, the 
roughness is insufficient. Therefore, it is no, possible to restrict the peeling of the thin 
film desirably. On the other hand, an abnormal electric discharge may sometimes occur 
inaregionhavinganexcessiverougbnessoverSOpm. ,n such a case, a , bin film cannot 

be formed stably. 

15 Also, even if the outer surface of the ground electrode 23 is roughened in this 

manner, it is necessary to remove the thin film formed on the ground electrode 23 
periodically if the thin film has a certain degree of thickness. Therefore, it is more 
preferable that, a detachable cover pipe 26 of which the outer surface has 
average surface roughness (Ra) be disposed on the outer periphery of the ground electrode 
20 23 as shown in FIG. 7, in order to replace a currently-disposed cover pipe 26 by a new 

cover pipe 26 when the outer surface of.be currently-disposed cover pipe 26 has a certam 
oegreeofthicknessofthChinfilm. By doing this, it is possible to continue the operation 
of the thin film forming device because .he cover pipe 26 can be replaced by a new cover 
pipe simply and cuicxly. even if a certain degree of miclcness of .he .bin film is formed on 
25 .he ou.er surface of the cover pipe 26. Therefore, .here is a superior main.enance abilhy. 



^UnolimiuUonformemethod — 

inth eabovera» g e. 

— Alternatively, it is possible to control the average *^ aC ^ 

5 23 o ron.neo U ,ers U r f a C eo f tnecover PiP e 2 6. The surface of the sprayed material 

^eofraetalorcera.ics.snotonlyroo.heneahotalsoporonsthe— . Therefore, 
thesp raye dm ateria,hass U periorco„tact,o W ith re specttothe. ta , m . Thus, tt.s 

the ground electrode 23, and the outer surface of the cover ptpe 26. . 

A.so.infncthinfdra — charnhcrinfhethinfd.n—devicelO.as 

conta ,„cr2 liS di S po S cdin si dcof,heh ig h„c y e,cctrodc22. By doin g thts, .t ,s 

asmall dia m e,er,are 1 .ve,y,hic k cy,ind ri ca ) spacer, , s used. As a result, the voh»= 

redu eed;thns,i,ispossih,e,oevacuate,he space ,„ the thin fdtu formin g chamber 20 
20 qui c k ,y. A,so,eve„if,hespacer2 7 isused,,hecy,indrica,eont,ner2 1 is posmoned 

^Imisuniform. Also, if the cross section of .be cylindrical container 21 has a 

---"•- b,,,ofa :; ,, " to 

^adesirable.as.mpcrmeabdi.ywhhaumformthic^onanytypeofthe 
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surface has an outer shape which is similar to the cylindrical container 21 . 

Also, in such a case, it is possible to form a thin film on the inner surface of the 
cylindrical container 21 efficiently by disposing the spacer 27 so as to contact the inner 
surface of the high frequency electrode 22. 
5 Furthermore, as explained above, it is possible to form a thin film stably on 

various cylindrical containers 21 having different sizes and different outer shapes by using 
the spacer 27. Also, i, is possible to restrict contamination in the mixture gas on an inner 
surface of the high frequency e.ectrode 22, If the inner surface of the high frequency 
electrode 22 is contaminated, the electricity discharge efficiency may sometimes 

10 decreases. Therefore, it is possible to prevent the electricity discharge efficiency from 
decreasing by using the spacer 27 in this manner. Thus, the surface quality of the thin 

film is stable for a long time. 

,, is possible ,0 name plasties and ceramics as the material for forming the spacer 
27 because they do not affect the electricity discharge efficiency in the high frequency 
15 electrode 22, even if its inner surface is contaminated. In particular, it is possible to 
name plastics because of their formability. 

As explained above, the thin film forming method includes the first thin film 
forming step in which the mixture gas is plasmatized whi.e the supply flow amount ratio 
varies continuously, such that the supply flow amount ratio is included in a, least the 
20 specific range. Therefore, in comparison with a method in which the supply flow 

amount ratio is strictly controlled in a range, it is possible to easily form a thin film having 
a desirable gas impermeability without an uneven surface quality of the thin film. Also, 
i, is unlikely that variations in surface quality will occur when the thin films are formed on 
a large number of the substrates. Furthermore, in the above second thin film forming 
25 step, it is possible .0 form a thin film having no. only gas impermeability but also 
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flexibility after the first thin film forming step. 

Also, as shown in the drawings, a eertain type of the thin film forming deviee 10, 
which can supply high frequency power from a high frequency power supply section 30 to 
a plurality of thin film forming chambers 20, may be used. By doing this, even if the thin 
film is formed on a .arge number of substta.es, it is possible to form a thin film which has 
a high gas impermeability, more stably and productively, without variations in surface 
quality among the containers. In addition, the thin film forming device 10 has a compact 
structure. Therefore, the thin film forming device 10 is preferable in view of a low 
facility costs. 

In the above explained thin film forming method, the plastic cylindrical container 
2, is showtt as an example of the substrate. There is no limitation for the material for 
forming the substrate. Glass is acceptable as the material for forming the substrate as 
long as a thin film, which can realize predetermined functions stably, can be formed 
thereon. Also, in view of the shape, the substrate is not limited to a container. 

In addition, although the above explanations are made for the case in which the 
mixture gas includes the monomer gas and the reactive gas, the mixture gas may include 
an inert gas such as helium, argon, etc. Also, regarding the monomer gas which is used 
for forming the thin film which is formed of silicon oxide, it is possible to select i, from 
among hexamethyldisiloxane, 1,1,3,3-tetramethyldisiloxane, vinyltrimethylsilane, 
methyltrimethoxysilane, hexame.hyldisilane, methylsilane, dimethylsilane, 
trimethylsilane, diethylsilane, propylene, phenylsi.ane, vinyltriethoxysilane, vinyl 
ttimethoxysilane, tetramethoxysilane, tetraethoxysilane, phenyltrimethoxysilaue, methyl 
triethoxysilane, and octamethylcyclotetrasiloxane. In particular, 1 , 1 ,3,3- 
.etramethyldisiloxane, hexamethyldisiloxane, and octamethylcyclotetrasiloxane are 
5 preferable. However, it is also possible to use aminosilane and silazane. 
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Also, it is possible to form an alumina thin film by using an organic metal 
aluminum such as trimethylaluminum as a monomer gas. 

Also, it is possible to use not only oxygen but also nitrous oxide, carbon dioxide, 
and ozone, as the oxidizing reactive gas. 
5 (Experimental Example) 

Hereinafter, the present invention is explained specifically in detail with respee. 

to Experimental Examples. 
(Experimental Example 1) 

A cylindrical container 21, which is made of polyethyleneterephthalate and has a 
10 circnlar cross section and a 500 ml capacity, is disposed in a thin film forming chamber 
20. The space in the thin film forming chamber 20 is evacuated (initial pressure for 
forming a thin film: 10 Pa). After that, the flow amount of hexamethyldisiloxane 
(monomer gas) and the flow amount of oxygen (reactive gas) are controlled by a 
m ass-flow controller. The monomer gas and the reactive gas are supplied from the base 
15 end of the ground electrode 23 (gas introducing pipe). The imtia, supply flow amount of 
hexamethyldisiloxane is ,0 ml/min. The initial supply flow amount of oxygen is 500 
ml/min (that is, the initial supply flow amount ratio = 0.02). Also, as shown in FIG. 3, 
,he ground electrode 23, which has the gas generating port 23a at the tip section of the 
ground electrode 23, and consists of five approximately rectangular slits 23b with a 0.5 
20 mm width, is prepared. Also, as shown in FIG. 7, the copper cover pipe 26 having an 
average surface roughness (Ra) of ,0 pm, which is finished by a sand-blas, treatment, is 
disposed on the outer periphery of the ground electrode 23. 

Next, 13.56 MHz high frequency power is supplied to the high frequency 
electrode 22 in the thin film forming chamber 20 for 5 seconds, by supplying 400 watts of 
25 electricity. By doing this, a thin film ,s formed. During this period, the supply flow 
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amount ratio of hexamethy.disiloxane with respect to an oxygen varies eontinuously as 
shown in TABLE 1 . 

As a result, a silicon oxide thin film is formed uniformly on the inner surface of 
the cylindrical container 21. Furthermore, the above operation is repeated. Thus, the 
5 thin film is formed on 30 cylindrical containers 21 intotal. The permeability of the 

oxygen is measured in each of these containers 21; thus, its average value and its standard 
deviation are calculated. As a result, as shown in TABLE 2, it is clarified that it is 
possib.e to form a thin film in which every average value and every standard deviation of 
the permeability of oxygen are small, the oxygen impermeability is high, and the surface 
10 quality does not vary. Here, the oxygen permeability is measured by Mocon toe's 

Oxitran 10/50. Here, in the space inside of the cylindrical container 21, the temperature 
is 25°C in a 90% nitrogen/hydrogen mixture gas atmosphere. The outside space of the 
cylindrical container is 25°C temperature in a 65% atmospheric condition. 

,„ addition, although the thin film is formed by the above method thousands of 
15 times, the produced thin film never peels off from the outer surface of the cover pipe 26. 
(Experimental Examples 2 to 10) 

A silicon oxide thin film is formed on an inner surface of the cylindrical container 
2, in a manner similar to that of Experimental Example'!, except that the initial supply 
flow amount of hexame.hyldisi.oxane (monomer gas) and the initial supply flow amount 
20 of oxygen (reactive gas, are se, as shown to TABLE 1, and the snpply flow amount ratio 
varies in accordance with TABLE 1 . Furthermore, the above operation is repeated in 
each of the Experimental Examples. Thus, the thin film is formed on 30 cylindrical 
containers 21 in total. The permeability of the oxygen is measured to each of these 
containers 21 ; thus, its average value and its standard deviation are calculated. As a 
25 result, as shown in TABLE 2, it is clarified that i, is possible to form a thin film in which 
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every average value and every standard deviation of the permeability of oxygen are small, 
an oxygen impermeability is high, and the surface quality does not vary. 

Also, the internal pressure in the containers 21, which are used in the 
Experimental Examples 5 and 9, is maintained a. 7 kg/cm 2 for 2 hours, and after that the 
5 oxygen permeability is measured in order to evaluate the flexibility of the thin film formed 
on the cylindrical containers 21. As a result, the oxygen permeabilities are 0.028 
fmol/sPa and 0.023 tmoVs Pa, respectively. In the Experimental Example 9, in which 
,he second thin film forming step is conducted after the first thin film forming step, the 
oxygen permeability does no, vary before and after the space inside of the cylindrical 
10 container 21 is pressurized. The oxygen permeability increases slightly in Experimental 
Example 5 in which the second thin film forming step is omitted. This is because the 
produced thin film has a sufficient flexibility because of the second thin film forming step. 
By doing this, cmcks are no, generated because the thin film adjustably varies its shape 
even if the cylindrical container 21 is deformed slightly; thus, the oxygen impermeability 
15 is maintained desirably. 

(Experimental Example 11) 

As shown in FIG. 1, thin films are produced on four sets of polyethylene 
,ereph,hala,e cylindrical containers 2. simultaneously, which have circular cross sections. 
In order to do this, four sets of thin film forming chambers 20, and thin film forming 
20 device 10, which is provided with the high frequency power supply section 30 for 

supplying high frequency power to each high frequency electrode 22, are used. In each 
of the thin film forming chambers 20, the same ground electrode 23 as used in 
Experimental Example 1 is used. 

The initial supply flow amount of hexamethyldisiloxane as the monomer gas is 
25 10 ml/min in each of the thin film forming chambers 20. The initial supply flow amount 



of oxygen as the reaetive gas is 500 ml/mm in eaeh of the thin film forming ehambers 20 
(that is, the initial supply flow amount ratio = 0.02). After that, the supply flow amount 
ratio of the hexamethyldisiloxane with respeet to the oxygen varies as shown in TABLE 1 . 
Also, the initial pressure for forming a thin film is 10 Pa. The supplied high 
5 frequency power (charged electricity) is 400 watts in each of the thin film forming 
chambers 20 (1600 watts in total). A thin film is formed by supplying 13.56 MHz of 
high frequency power for 5 seconds. Here, the matching value varies during supply of 
the high frequency power. Also, the reflected power is controlled so as to be at 160 watts 
constantly, which is 10% or lower of the supplied electricity. 
10 i„ addition, the above operation is repeated. The thin film is formed on 30 

cylindrical con.amers 21 in total; thus, the thin film is formed on 120 cylindrical 
containers 21 in the thin film forming device 10 in total. Furthermore, the permeability 
of the oxygen is measured in each of these containers 21 ; thus, its average value and its 
standard deviation are calculated. As a result, as shown in TABLE 2, it is evident that it 
15 is possible to form a thin film in which every average value and every standard deviation 
of the permeability of oxygen arc small, the oxygen impermeability is high, and the 
surface quality does not vary. 
(Comparative Examples 1 to 8) 

A thin film is formed in a manner similar to that of Experimental Example 1 
20 except that the supply flow amount ratio is constant as shown in TABLE 1 . The oxygen 
impermeability is measured in the 30 produced cylindrical containers 21 in total. The 
results are shown in TABLE 1 similar to Experimental Example 1 . 



TABLE 1 
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TABLE 2 





r» ryf T,»n Permeability ffmol/s Pa) 




Average Value 


Standard Deviation 


Embodiment 1 


0.015 


0.0014 


Embodiment 2 


0.018 


0 0015 


Embodiment 3 


0.030 


0 0017 


Embodiment 4 


0.010 


0.0011 


Embodiment 5 


0.021 


0.0015 


Embodiment 6 


0.039 


0.0016 


Embodiment 7 


0.022 


0.0013 


Embodiment 8 


0.040 


0.0017 


Embodiment 9 


0.024 


0.0018" 


Embodiment 10 


0.045 


0.0021 


Embodiment.il 


0.016 


0.0015 


Comparative 
Example 1 


0.125 


0.0098 


Comparative 
Example 2 


0.088 


0.0075 


Comparative 
Example 3 


0.076 


0.0068 


Comparative 
Example 4 


0.064 


0.0045 


Comparative 
Example 5 


0.04C 


) 0.0041 


Comparative 
Example 6 


0.05 


5 0.0056 


Comparative 
Example 7 


0.12 


5 0.0112 


Comparative 
Example 8 


0.24 


0 0.0125 



As 



clearly shown in TABLES 1 and 2, it is possible to form thin films having a 



desirable oxygen impermeability on many 



containers without variation in surface quality 



in the embodiments, in which the thin films are formed by the first thin film forming step 
for generating a plasma while decreasing the supply flow amount ratio of the monomer 
gas with respect to the reactive gas. In particular, i, is found that in the embodiment in 
which the second thin film forming step is conducted after .he firs, thin film forming step, 
the produced thin film has flexibility. 
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On the outer hand, it is possible to form a thin film having a desirable gas 
impermeability in some of the comparative examples, in which the supply flow amount 
ratio of flte monomer gas with respect to the reactive gas is controlled constantly. 
However, in many cases, a thin film having a desirable gas impermeability cannot be 
5 formed, and the surface quality of the produced thin films vary greatly. 

A second embodiment of the present invention is explained as follows. 

<rrhin Film Forming DevicO 

FIG 9 is a general view showing an example of the thin film forming device 
-accordingto the present invention. As a general structure! this thin film forming device 
10 includes a thin film forming chamber 111 in which a mixture gas including an 

organosilicon compound gas and an oxidizing gas is p.asmatized so as to form a silicon 
oxide thin film (SiOx membrane) on a substrate, an optica, spectrometer 1 12 (measuring 
section) for measuring the intensity of hydrogen alpha rays radiated from a plasma in the 
thin film forming chamber 1 1 1 and measuring an intensity of an oxygen radiation rays, an 
15 optical fiber 1 14 for transmitting radiation rays separated from a glass viewport 113 
disposed in the thin film forming chamber 1 1 1 toward the optical spectrometer 1 12, a 
monitoring computer ,15 for monitoring the intensity of hydrogen alpha rays measured by 
the optica, spectrometer 112 and for monitoring the intensity of the oxygen radiation rays, 
gas supply sections 1 1 6, 1 17 for supplying the organosilicon compound gas and the 
20 oxtdizing gas to the thin film forming chamber 1 11, a vacuum pump 1 1 8 for evacuating 
the space in the thin film forming chamber .11, a pressure meter 119 for measuring the 
pressure in the thin film forming chamber 1 1 1 , and a high frequency power supply 1 20 for 
supplying the high frequency power to the thin film forming chamber 111. 
(Thin Film Forming Chamber) 
25 as show, in FIG. 10, the thin film forming chamber 1 1 . includes; an outer 
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electrode 124 having a cylinder section 122 for containing a plastic container .21 
(aubstmte), through which radiation can be transmined, and a lid section 123 de^chabiv 
disposed on the upper end surface of the cyhnder section 122; an insuiative plate 126, 
formed on the bottom end surfaceofthe cylinder section 122, and having a supporting 

the bottom end of the cylinder section ,22 for covering the insulative P .ate 126, and 
having an exhausting port 127 on the bottom surface; a gas introducing pipe i29.ofwh.ch 
„» tip is introduced inside of the container 12. from outside of me thin film forming 
ch amberl..*roughaho.eonasides„rfaceofthebonomsection,28andasuppor,ing 
a0 h o,e,25formedin.heinsu.,ivcpl,el26;andag.assviewpor t l,3,whichisdisposed 
onasi de wal.ofthe cylinder section 122, connecting to a t,p section .30 of the optica, 
fiber 114. 

Here, the outer electrode .24 is connected ,0 the high frequency power supply 

15 ,24, are formed by a conductive member for supplying high frequency power from the 
high frequency power supply 120. 

Also, the gas introducing pipe 129 introduces an organosi.icon compound gas and 
an oxidizing gas into the container ,21. In addition, the gas introducing pipe .29 is 
formedbyaconductive member so as to see as a ground electrode, whenitis connected 
20 to ground. 

Also, the pressure meter 1,9 is connected to the bottom section 128; thus, it is 
possible to measure the pressure in the thin film forming chamber 1 . 1 . 

(Measuring Section) 

The optica, spectrometer 1 ,2 includes; a firs, bandpass fiber for separating only a 
2B specific wave,ength range of radiation rays from either one of two sets of divided 
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radiation rays, which are separated from the viewport 1 1 3 and transmitted to the optical 
spectrometer 112 through the optical fiber 114; a second bandpass filter for separating 
only the remainder of the specific wavelength range of the two sets of divided radiation 
rats; a first optical sensor for receiving radiation rays which pass through the first 
5 bandpass filter; and a second optical sensor for receiving radiation rays which pass 
through the second bandpass filter. 

Here, in order to transmit only the wavelength (656 nm) of the hydrogen alpha 
rays and radiation rays which are close to this wavelength, the permeability of the 
radiation rays having a wavelength range outside of 656 ± 5 nm is 1 % or lower in the first 

10 bandpass filter. 

Here, in order to transmit only this wavelength (777 nm) of the oxygen radiation 
rays and radiation rays which are close to the wavelength, the permeability of the radiation 
rays having a wavelength range outside of 777 ± 5 urn is 1% or lower in the second 
bandpass filter. 

15 It is possible to use a commonly-known photoelectric element such as a photo 

diode or a photo transistor for the optical sensor. 
(Storing Section, Determining Section) 

As shown in FIG. 1 1 , as a general structure, the monitoring computer 11 5 
includes a storing section 131 (storing section), a calculating section 132 (determining 
20 section), and a determining section 133 (determining section). 

Here, the storing section 131 stores average values (or a center value) of the 
intensity of the hydrogen alpha rays and the intensity of the oxygen radiation rays as 
standard values, with respect to a previous thin film forming process in which the 
products process for the thin film was the same as that of the present thin film forming 
25 process, and in which the inspection results were successful (that is, an organosilicon thin 
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Ota had a desirable surface quality). Also, .he storing section 131 stores ranges of the 
intensity of the hydrogen alpha rays and the intensity of the oxygen radiation rays, which 
enable a silicon oxide thin film having a desirable surface quality to be obtained. These 
ranges represent a tolerable range (threshold) for the deviation of these intensity values 
5 from the standard values. Here, the storing section 131 may be a volatile memory such 
as a RAM (Random Access Memory), a hard disk device, an optical magnetic disc device, 
and a flash memory. Also, the storing section 131 may consist of a combination of these 

volatile memory devices. 

The calculating section 132 calculates differences between the intensity of 
10 hydrogen alpha rays measured by the optica, spectrometer 122 in the currently-operated 
thin film forming process and the standard value of.be hydrogen alpha rays stored in the 
storing seefion 1 3 1 , and between the in.ensi.y of .he oxygen radiafion rays measured by 
the optical spectrometer 112 and the standard value of the oxygen radiation rays stored in 
the storing section 131. 

15 The determining section 133 determines whether or no. .he difference between 

these intensities and the standard values are in the tolerable ranges which are stored in the 
storing section 131. 

- ' The above-explained monitoring computer 1 1 5 may consist of a memory and a 
centra, processing unit (CPU). In order .o execute .he above functions, programs may be 
20 loaded in.o .he memory. Also, .he above-explained func.ions may be executed by 
hardware which is designed and produced for a specific use. 

Also, peripherals, including an inputting device 134 such as a display touch 
panel, a switch panel, and a keyboard, and a peripheral apparatus, including an outputting 
device 135 such as a CRT monitor, a liquid display device, and a printer, may be 
25 connected to the monitoring computer 115. 



The inputting device 134 stores standard values and tolerable ranges in the 
storing section 1 3 1 such that the standard values and the tolerable ranges are determined 
in accordance with the intensity of hydrogen alpha rays and the intensity of oxygen 
radiation rays, with respect to a previous thin fun, forming process in which the silicon 
5 oxide thin film having a desirable surface quality was produced. 

For example, the outputting device 135 outputs: the intensity of the hydrogen 
alpha rays and the intensity of the oxygen radiation rays, which are measured by the 
optica, spectrometer 112; the standard value of thehydrogen alpha rays and the standard 
va ,ueoftheoxygenradia,ionrays,whicharcs,oredinnaestorin g sec,ion.3-l ; .heto.erable 

! 0 range of the intensity of the hydrogen alpha rays and the tolerable range of the oxygen 
radiation rays, which are stored in the storing section 1 3. ; and a determination result in 
the determining section 133, etc. 
<Monitoring Method for Thin Film Forming Process> 

Next,athin film forming process and a monitoring method therefor are explained 

1 5 with reference to FIGS . 9 to 1 1 . 

Before starting the thin film forming process, average values (or a center value) 
for a quantity (intensity, of the hydrogen alpha rays and a quantity (intensity) of the 
ox ygen radiation rays are inpubed into the inputting device .34, and the inputted average 
values are stored in the storing section ,3, in the monitoring computer 1,5 as standard 
20 va.ues,suehtha,thcaverageva,uesarebasedo„aprevious.binfi,mformin gP roeess,n 

which the silicon oxide thin fi.m had a desirab.e surface quality in the same thin film 

th equan,i,iesof.he radiation rays, which are determined based onrecords for the quantity 
(intensity, of the hydrogen alpha rays and the quantity (intensity, of the oxygen radiation 
25 rays are inputted into the inputting device 34. The inputted tolerable ranges are stored ,n 
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the storing section 131 in the monitoring computer 115, such that the quantities of the 
radiation rays are in accordance with a previous thin film forming process, in which the 
produced organosilicon thin film had a desirable surface quality. 

The lid section 123 of the thin film forming chamber 1 1 1 is removed. The 
5 container 121 through which the radiation rays can be transmitted is put into the cylinder 
section 122 such that the gas introducing pipe 129 can be inserted into the container 121. 
The port section of the container 121 is engaged by the supporting hole 125 of the 
insulative plate 126 so as to be supported there. After that, the lid section 123 is attached 
onto thean upper end surface of the cylinder section 1 22. 
10 Next, the vacuum pump 1 1 8 is started so as to depressurize the space in the thin 

film forming chamber 1 1 1 by exhausting the gas in the external electrode 1 24 from the 
exhausting port 127 through the insulative plate 126; thus, the pressure in the space in the 
thin film forming chamber 1 1 1 was a predetermined value (approximately a vacuum 
condition). After that, a gas which includes an organosilicon compound gas and an 
15 oxidizing gas is supplied from the gas supplying sections 116 and 117 to the thin film 
forming chamber 111. A mixture gas which includes the organosilicon compound gas 
and the oxidizing gas is introduced into the container 121 through the gas introducing pipe 
129. ' 

Next, the mixture gas is plasmatized between the external electrode 124 and the 
20 gas introducing pipe 129 serving as a ground electrode by starting the high frequency 

power supply 120 and supplying the high frequency power to the external electrode 124 in 
the thin film forming chamber 111. Thus, the organosilicon thin film is formed on the 
inner surface of the container 121 . 

During the thin film forming process, radiation rays which are radiated from a 
25 plasma 140 (inside the dotted line in the drawing) generated in the container 121 and 
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which permeate through the transparent container 121 are separated from the viewport 113 
so as to be transmitted to the optical spectrometer through the optical fiber 1 14. After the 
radiation rays which are transmitted to the optical spectrometer 1 1 2 are divided into two 
sets of rays, one of the sets of divided radiation rays are transmitted through the first 
bandpass filter. The hydrogen alpha rays which are transmitted there are received by the 
first optical sensor for measurement of the quantity (intensity) of the hydrogen alpha rays. 
Also, the other set of the two divided radiation rays are transmitted through the second 
bandpass filter. The oxygen radiation rays which are transmitted therethrough are 
received by the second optical sensor for measurement of the quantity (intensity) of the 

oxygen radiation rays. 

The quantity (intensity) of the hydrogen alpha rays and the quantity (intensity) of 
the oxygen radiation rays which are measured by the optical spectrometer 1 12 are 
converted into voltages in accordance with the measured quantities; thus, the converted 
quantities are outputted to the monitoring computer 115. 

The quantities of the radiation rays which are outputted to the monitoring 
computer 1 15 are treated as follows. 

First, in the calculating section 132, the difference between the quantity 
(intensity) of hydrogen alpha rays measured by the optical spectrometer 122 and the 
standard value of the hydrogen alpha rays stored in the storing section 131 is calculated. 
Also, the difference between the quantity (intensity) of the oxygen radiation rays 
measured by the optical spectrometer 12 and the standard value of the oxygen radiation 
rays stored in the storing section 131 is calculated. 

Next, the determining section 1 33 determines whether or not the differences 
between these quantities and the standard values are within the tolerable ranges which are 
stored in the storing section 131. 
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The determination resnlt in the determining seetion 133 is outpurted to the 
ontpnrting device 133 together with the quantity (intensity) of the hydrogen a.pha rays and 
the quantity (intensity) of the oxygen radiation rays which are measured by the optical 
spectrometer 112, the standard value of the hydrogen alpha rays and the standard vafoe of 
5 the oxygen radiation rays which are stored in the storing section 131, and the tolerable 
range of the intensity of the hydrogen alpha rays and the tolerable range of the oxygen 
radiation rays which are stored in the storing section .31. Also, if the differences 
between the quantities of the- radiation ray and me standi values for the radiation rays 
exceed the tolerable ranges which are stored in foe storing section 1 3) as a result of foe 
10 determination made in the determining section 133, an abnormality in foe radiation rays 
which are emitted from the plasma may be reported to an operator by activating an alarm 

device and lamps, etc. 

As organosilicon compounds which are used in foe thin film forming process, it is 
possible to name, for example, tetramethyldisiloxane, hexamethyldisiloxane, 
15 vinyltrimethylsilane, methyltrimethoxysilane, hexamefoyldisilane, methylsilane, 
dimethylsilane, trimethylsilane, diethylsilane, propylene, phenylsilane, 
vinyltriethoxysilane, vinyltrimefooxysilane, tetramethoxysilane, tetmethoxysilane, 

phenyltrimethoxysilane, methyl triethoxysilane, octimethylcyclotetrasiloxane, etc.. 
As the oxidizing gas, it is possible to name, for example, oxygen, carbon 
20 monoxide, carbon dioxide, and ozone, etc. Also, it is possible ,0 mix argon or helium as 
a carrier gas into the organosilicon compound gas or the oxidizing gas. 

In the above-explained monitoring method for foe thin film forming process, foe 
intensity of the hydrogen alpha rays and the intensity of foe oxygen radiation rays which 
are radiated from the plasma during the thin film forming process are measured, and the 
25 measured intensities are compared with the intensity of the hydrogen alpha rays and the 
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intensity of the oxygen radiation rays nnder the eondition that a silieon oxide thin film 
which has a desirable surface quality is obtained. Therefore, it is possible to know 
reliably whether or not the process has been properly carried out (whether or not the 
ptasma structure is normal). Also, i, is possible to determine whether or not the produced 
5 thin film has a desirable surface quality during the process. 

That is, if the mixture gas consisting of an organosilicon compound gas and an 
oxidizing gas is plasmatized, radiation rays having unique properties are radiated because 
various excited specimen exist in the plasma. These radiation rays include no. only 
hydrogen alpha rays and oxygen radiation rays but also hydrogen beta rays, SiO, 
10 radiation, and CH, radiation. However, when the quantity (intensity) of the radiation 
rays emitted from the plasma generated in the container 121 is measured, the emitted 
radiation rays transmitted on apath from the container 121, through the container 121, the 
relatively small glass viewport 113, and the optical fiber 114 to the the optical 
spectrometer 112, into which the emitted radiation is finally introduced. The intensity of 
15 the emitted radiation is attenuated in the path. Therefore, if the intensities of the excited 
specimen, such as hydrogen beta rays, hydrogen gamma rays, SiO radiation, and CH 3 
radiation, etc., having low intensities initially, are measured, measurement error increases 
undesirably. Therefore, i, is possible to know reliably whether or no. the structure bf the 
plasma is normal by monitoring the intensity of hydrogen alpha rays, oxygen radiation 
20 rays, having relatively high intensities. 

Also, the intensity of the two sets of radiation rays such as the hydrogen alpha 
rays and oxygen radiation rays are measured. Thus, it is possible to reliably detect an 
abnormality in various parameters (thin film forming pressure, supplied electricity, flow 
amounts of organosilicon compound gas and oxidizing gas) in the thin film forming 
25 process. That is, if an abnormality occurs in a. least one of the parameters, the 
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abnormality is indicated in a. leas, the intensity of the hydrogen alpha rays or the intensity 
of the oxygen radiation rays. Therefore, it is possible to detect an abnormality of the 
process reliably. 

Also, it is possible to detect an abnormality in the process more reliably by the 
5 thin film forming process monitoring method according to the present invention and by 
monitoring a process condition (for example, parameters snch as degree of vacnum, 
supplied power, flow amount of an introduced gas). 

Also, the above-explained thin film forming device includes: an optical 
spectrometer 121 for measuring the intensity of hydrogen alpha rays radiated from a 
10 plasmainthethinfilmformingchamber .11 and the intensity of me oxygen radiation 
rays; and a determining section 133, in which the intensity of the hydrogen alpha rays 
measured in the optical spectrometer 121 and the intensity of the hydrogen alpha rays 
stored in the storing section 1 3. are compared, the intensity of the oxygen radiation rays 
measured by the optical spectrometer .21 and the intensity of the oxygen radiation rays 
15 stored in the storing section .3 . are compared, and whether or no, the measured mtensity 
of the hydrogen alpha rays and the measured intensity of the oxygen radiation rays are 
within tolerable ranges. Therefore, i, is possible to know reliably whether or no, the 
process is working properly and whether or not the structure of the plasma is normal. 
Also, it is possible ,0 determine whether or no, the produced thin film has a desirable 
20 surface quality during the process. 

Also, the thin film forming device according to the present invention is no, 
Umited to the structure shown in the drawings. Thus, the thin film forming device may 
include: a chamber for plasmatizing a mixture gas consisting of an organosilicon 
compound gas and an oxidizing gas, and for forming a silicon oxide thin film on the 
25 surface of a substrate; a measuring section for measuring the intensity of hydrogen alpha 
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rays and the intensity of an oxygen radiation rays, which are radiated from the plasma 
generated in the ehamber; a storage section for storing the intensity of the hydrogen alpha 
rays and the intensity of the oxygen radiation rays sueh that the organosi.icon thin film has 
a desirable surface quality which is measured in a previous thin film forming process; and 
5 a determining section for comparing the intensity of the hydrogen alpha rays measured by 
the measuring section with the intensity of the hydrogen alpha rays stored in the storage 
section, comparing the intensity of the oxygen radiation rays measured by the measuring 
section with the intensity of the oxygen radiation rays stored in the storage section, and 
determining whether or not the intensity of the measured hydrogen alpha rays and the 
10 intensity of the measured oxygen radiation rays are within a specific range. 

For example, the measuring section is no. limited to the optica, spectrometer 121 
which is shown in the drawings. Any measuring section is acceptable as long as it is 
possible to measure the intensity of hydrogen alpha rays and the intensity of oxygen 
radiation rays. However, if a bandpass filter for separating only a specific wavelength 
15 range of radiation rays from among the radiation rays radiated from the plasma in the thin 
film forming chamber is used, i, is possible to simplify the measuring section a. a low 
cost; .herefore, .he measuring section should preferably include a bandpass filter. 

Also, any bandpass filter is acceptable as long as it is possible to extract hydrogen 
alpha rays or oxygen radiation rays from among the radiation rays which are radiated from 
20 the plasma. 

Also, in .he drawings, .he plasma 140 is observed through the viewport 1 13 while 
traversing horizontally. However, it is acceptable if .he viewport 113 is disposed on .he 
Ud section ,23 so as to observe the plasma ,40 from above. Also, it is acceptable if the 
viewport U3 is disposed diagonally in the cylinder section 122 so as to observe the 
25 plasma ,40 diagonally downward from above. In order to separate the radiation rays 
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radiated from the plasma in a longitudinal cylindrical container, it is preferable to observe 
the plasma diagonally downward from above because the qnantity (intensity) of the 
radiation is high. 

Also, the determining section (determining section 133) in the monitoring 
5 computer 115 in the drawing calculates a difference between the intensities of the 

roeasured hydrogen alpha rays and the measured oxygen radiation rays and the standard 
values of the radiation rays stored in the storing section 131 (calculating section 132) and 
determines whether or no. the difference between these intensities and the standard values 
are within the tolerable ranges stored in the storing section 131 (determining section 133). 
10 However, in the present invention, the determining section is no. limited to such a 

structure. For example, .he storing section 131 may store an upper limit value and a 
rower limit value for the intensity of the hydrogen alpha rays and the intensity of oxygen 
radiation rays, and the determining section may determine whether or not the intensity of 
the measured hydrogen alpha rays and the intensity of the measured oxygen radiation rays 
15 are in a range between the upper limit value and the lower limit value, without emulating 
a difference between the intensity of the radiation rays and the standard value, such .ha. 
the stored intensities for the hydrogen alpha rays and the oxygen radiation rays are 
determined in accordance with a previous thin film forming process in which the 
production process for the thin film was the same as that of the present thin film forming 
20 process. 

Also, in the case in which the standard value of the hydrogen alpha rays and the 
standard value of the oxygen radiation rays which are stored in the storing section 131 
fluctuate in the process while the intensity of the radiation fluctuates throughout the 
process, the standard value of the radiation may be stored in the storing section .31 over 
25 time in the process; thus, a to.erable range for the standard value may be se. over time in 
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the process. The proeess, in terms of several phases, ea„ be divided into a beginning 
phase, a middle phase, and an approximate end phase. 

Also, it is not necessary to use the monitoring compnter 1 1 5 in the thin fdm 
forming process monitoring method according to the present invention. That is, it is 
5 acceptable if the intensity of the measured hydrogen alpha rays and rite intensity of the 
oxygen radiation rays are outputted from the optical spectrometer 121 directly to an 
outputting device such as a monitor, and an operator monitors the outputted result and 
compares the intensify of these radiation rays to the measured intensity of the hydrogen 
alpha rays and the measured intensity of the oxygen radiation rays under the condition that 
10 the silicon oxide thin fdm which has a desirable surface quality is obtained; thus, it is 

determined whether or no, the silicon oxide thin film which has a desirable surface quality 
is formed. 

Also, the thin film forming process monitoring method according to the present 
invention is not limited to the thin film forming process in which high frequency waves 
15 are used. The thin film forming process monitoring method according to the present 
invention can be adapted ,0 a thin film forming process in which microwaves are used. 

Also, the substrate on which the thin film is formed in the present invention is no. 
limited to a plastic container 121 through which radiation rays can be transmitted as 
shown in the drawings. The present invention can be adapted to various substrates such 
20 as a container, a film, and a sheet which are made of plastic, glass, or metal. 
Examples 

Examples of the present invention are shown below. 

A silicon oxide thin film is formed on the inner surface of the container 21 which 
has a 500 ml capacity and is made of polyethyleneterephthalate by using the thin film 
25 forming device as shown in FIGS. 9 to 11 . A mixture gas wh.ch includes 
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hexamethyldisiloxane (hereinafter HMDSO) and oxygen is used as the process gas. 
(Measurement of Standard Value) 

The space in the thin film forming chamber 1 1 1 is depressurized by starting the 
vacuum pump 1 1 8 so as to have a predetermined thin film forming pressure (100 Pa). 
5 After that, the HMDSO and oxygen are supplied from the gas supplying sections 1 16, 1 17 
to the thin film forming chamber 111. The mixture gas is introduced into the container 
,2! through the gas introducing pipe 129. Here, the flow amount of the HMDSO is 2 
seem. The flow amount of oxygen is 100 seem. 

- NexMhe mixture gas is plasmatized between the outer electrode 124 and the gas 
10 introducing pipe 129 serving as' a ground e.eetrode by starting the high frequency power 
supply 120 and supplying the 13.56 MHz high frequency waves to the outer electrode 124 
in the thin film forming chamber 111a. 200 watts for 1 0 seconds; thus, the silicon oxide 
thin film is formed on an inner surface of the container 121. 

Radiation rays which are radiated from the plasma 140 which is generated in the 
16 container 12! and permeated through the transparent container 121 are separated from the 
glass viewport 1.3 of which the diameter is 1 0 mm during the th,n film forming process 
so as to be transmitted to the optical spectrometer .12 through the optica, fiber ,14 which 
has a 6 mm diameter and a 2 m length. After the radiation rays which are transmitted to 
the optica, spectrometer 112 are divided into two sets of rays, one sets of the divided 
20 radiation rays is transmitted through the first bandpass filter of which the central 

wavelength is 656 nm. The hydrogen alpha rays which are transmitted there are received 
by the firs, optica, sensor for measurement of a quantity (intensity) of the hydrogen alpha 
rays. Also, the other set of the two divided radiation rays is transmitted through the 
second bandpass filter of which the centra, wave.engtb is 777 nm. The oxygen radiatton 
26 rays which are transmitted there are received by the second optica, sensor for 
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measurement of a quantity (intensity) of the oxygen radiation rays. A voltage in a range 
of 0 to 5 V is outputted from an optical sensor. 

Also, the permeability of the oxygen in the container 121 on which a thin film is 
formed is measured in accordance with a Mocon method so as to evaluate a surface 
5 quality (oxygen impermeability) of the produced thin film. More specifically, the oxygen 
permeability is measured by using Mocon Inc.'s Oxitran 10/50. Here, the space inside of 
the cylindrical container 121 is under conditions of a 25°C and a 90% nitrogen/hydrogen 
mixture gas atmosphere, and the outside space of the container 121 is at a 25°C and 65% 
atmospheric condition. ' . 

10 TABLES 3 to 6 show various parameters (conditions) for the process such as the 

quantity of the measured hydrogen alpha rays, a quantity of the oxygen radiation rays, and 
the oxygen impermeability of the container 121 on which a thin film is formed. 

It is found that the oxygen impermeability of the container 121 on which a thin 
film is formed is sufficiently low; thus, the container 121 has a desirable surface quality of 
15 the thin film. In addition, the thin film forming processes are repeated under the same 
condition. As a result, it is found that it is possible to form a thin film which has a 
desirable surface quality (oxygen impermeability) if the quantity of the hydrogen alpha 
rays are in a range of 3.0 to 3.4 V and the quantity of the oxygen radiation rays is in a 
range of 3.0 to 3.4 V. Therefore, the standard value is 3.2 and the tolerable range is ± 2 V 
20 for the quantity of hydrogen alpha rays and oxygen radiation rays. 

(Variance of Quantity due to Fluctuation of Flow Amount of HMDSO) 

Next, the variance of the quantity of hydrogen alpha rays, the variance of the 
quantity of oxygen radiation rays, and the variance of the surface quality of a thin film are 
observed under condition that the flow amount of HMDSO fluctuates from 2 (seem) to 1, 
25 5, and 1 0 (seem). Results are shown in TABLE 3 . 



The quantity of the obtained hydrogen alpha rays and the quantity of the obtained 
oxygen radiation rays indieate a fluctuation of the flow amount of HMDSO; thus, it is 
possible to estimate oxygen impermeability to some degree, which is one of the indexes 
for indicating the surface quality based on the quantity of each radiation. 



TABLE 3 



HMDSO 

Flow 
Amount 



Flow 
Amount 

of 
Oxygen 



Applied 
Power 



Pressure 
for 

Forming 
Thin 
Film • 



(Pa) 



Quantity of 
Hydrogen 
Alpha Rays 



Quantity of 
Oxygen 
radiation 
rays 



(V) 



Impermeability of 
Oxygen 



(fmol/pkgs-Pa) 



10 



10 



2 

(Standard) 
5 



_100_ 
100 



200 
200 



3.4 
3.4 



2.8 

2.5 



0.043 
0.054 



(Variance of Quantity of Radiation due to Fluctuation of Flow Amount of Oxygen) 

Next, the variance of the quantity of hydrogen alpha rays, the variance of the 
quantity of oxygen radiation rays, and the variance of the surface quality of a thin fin, are 
observed under condition that the flow amount of oxygen fluctuates from 100 (seem) to 50 
and 200 (seem). The results are shown in TABLE 4. 

The quantity of the obtained hydrogen alpha rays and the quantity of the obtained 
oxygen radiation rays indicate a fluctuation of the flow amount of oxygen; thus, it is 
possible to estimate oxygen impermeability to some degree, which is one of the indexes 
for indicating the surface quality based on the quantity of each radiation. 
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HMDSO 

Flow 
Amount 

(seem) 


Flow 
Amount of 
Oxygen 

(seem) 


Applied 
Power 

(watt) 


Pressure 
for 

Forming 
Thin 
Film 
(Pa) 


Quantity of 
Hydrogen Alpha 
Rays 

(V) 


Quantity of 
Oxygen 
Radiation 
Rays 

(V) 


Impermeability of 
Oxygen 

(fmol/pkgs-Pa) 


2 
2 
2 


50 
100 
(Standard) 
200 


200 
200 
200 


8 
11 
14 


3.3 
3.2 
3.3 


3.3 
3.2 
3.0 


0.021 
0.012 
0.042 



(Variance of Quantity of Radiation due to Fluctuation of Applied Power) 

Next, the variance of the quantity of hydrogen alpha rays,- the variance of the 
5 quantity of oxygen radiation rays, andthe variance of the surface quality of a thin film are 
observed under the condition that the applied power fluctuates from 200 (watts), 100, and 
300 (watts). The results are shown in TABLE 5. 

The quantity of the fluctuated hydrogen alpha rays and the quantity of the 
fluctuated oxygen radiation rays indicate a fluctuation of the thin film forming pressure; 
10 thus, it is possible to estimate the oxygen impermeability to some degree, which is one of 
the indexes for indicating the surface quality based on the quantity of each radiation. 



HMDSO 

Flow 
Amount 



(seem) 



Flow 
Amount 

of 
Oxygen 



(seem) 



100 



Applied 
Power 



(watts) 



200 
(Standard) 



TABLE 5 



300 



Pressure 
for 

Forming 
Thin 
Film 
(Pa) 



11 



Quantity of 
Hydrogen Alpha 
Rays 



(V) 



3.2 
3.5 



Quantity of 
Oxygen 
Radiation 
Rays 



3.2 
3.4 



Impermeability of 
Oxygen 



(fmol/pkg-s-Pa) 



0.033 



15 (Variance of Quantity of Radiation due to Fluctuation of Thin Film Forming Pressure) 
Next, the variance of the quantity of hydrogen alpha rays, the variance of the 



quantity of oxygen radiation rays, and the variance of the surface quality of a thin film are 
observed under the condition that the thin film forming pressure fluctuates from 10 (Pa) to 
20 and 50 (Pa) by varying the operation conditions of the vacuum pump 118. The results 

are shown in TABLE 6. 

The quantity of the obtained hydrogen alpha rays and the quantity of the obtained 
oxygen radiation rays indicate a fluctuation of the thin film forming pressure; thus, it is 
possible to estimate oxygen impermeability to some degree, which is one of the indexes 
for indicating the surface quality based on the quantity of each radiation. 



HMDSO 

Flow 
Amount 



(seem) 



Flow 
Amount 

of 
Oxygen 



(seem) 



Applied 
Power 



TABLE 6 



Pressure 
for Forming 
Thin Film 



(Pa) 



(Standard) 



20 
50 



Quantity of 
Hydrogen 
Alpha Rays 



(V) 



3.8 
3.9 



Quantity of 
Oxygen Impermeability of 
Radiation Oxygen 
Rays 



3.2 
3.9 



(fmol/pkgsPa) 



0.012 



0.042 
0.098 



INDUSTRIAL APPLICABILITY 
As explained above, such a thin film forming method includes a first thin film 
forming step in which the supply flow amount ratio is included within a specific range. 
5 Therefore, it is possible to form a thin film easily which has a desirable gas 

i comparison with a method in which the supply flow 
such that a thin film which has a desirable gas 
impermeability can be formed and plasmatization is performed while such a supply flow 
amount ratio is strictly maintained. Furthermore, by performing a second thin film 
0 forming step after this first thin film forming step, it is possible to form a thin film which 



impermeability without variation in c 
amount ratio is strictly controlled in a range 
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has not only gas impermeability but also flexibility. 

Also, according to the thin film forming device according to the present 
invention, it is possible to supply high frequency power from a high frequency power 
supply to a plurality of thin film forming chambers. Therefore, it is possible to strictly 
5 form a thin film which has a certain quality without variation for various substrates. 
Also, the facility cost is inexpensive and the facility size is compact. 

Also, according to the thin film forming process monitoring method according to 
the present invention, the intensity of hydrogen alpha rays and the intensity of oxygen 
radiation rays are measured during the process. In addition, these intensities are 
10 compared to the intensity of hydrogen alpha rays and the intensity of oxygen radiation 
rays which are realized under previous condition in which an organosilicon thin film 
which has a desirable surface quality was obtained. Thus, it is possible to know the 
structure of the generated plasma more accurately and determine whether or no. the 
surface quality of the produced thin film has a desirable condition during the process. 
IS Also, if a specific wavelength range of radiation rays is separated from among the 

radiation rays which are radiated from the plasma; it is possible to measure the intensity of 
the radiation by an inexpensive and simple measuring device. 

Also, since the thin film forming device according to'the present invention has 
the above structure, it is possible to know the structure of the generated plasma more 
20 accurately and determine whether or not the generated thin film has a desirable quality 
during the process. 

Also, if a bandpass filter is used which separates only a specific wavelength range 
of radiation rays from among the radiation rays which are radiated from the plasma in the 
thin film forming chamber, it is possible to simplify the measuring section a. a low cost. 
25 According to the present invention, in a thin film forming process which uses a 
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pl asma CVD method in which a silicon oxide thin film is formed on the surface of a 
substrate by plasmatizing a mixture gas which includes an organosilieon compound gas 
and an oxidizing gas, it is possible to know the structure of the generated plasma more 
accurately and determine whether or no. the produced thin film has a desirable surface 
quality during the process. 



